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OBSEZVATIONS OF THE IMPROVEHIHT IN VISICE

BROUGH? ABOUT BY THE APPLIGATIOI or A BATN-REPELLENT
LACQUEB os iy A{BPLAHE WTNDSHIELﬂ S

By Wiliaim ﬂ. quvoy and Lawrence L. Oloueing

-
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A rain—repellent ladfuer was’ eubmitted to the !utional
Advisory Committee- for Aeronautics by Omvptain K, H, ¥albderer,
of Lorr Laboratories, and" preliminary tegts and observations
have been made to determine its value in improving the vi-
sion through an ailrplane windshield during rain, The tests
and observations were carried out at Ames Aeronautical
Laboratory, Moffett Field, California, over -a period:of
about a week, The results are reported herein,

-
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DESCRIPTION OF THE LACQUER

The lacquer when applled consisted of a very thin,
transparent film that-could be distinguitshed with diffi-
culty on a glass gurface, It was apparent, however, to
the touch and; when light struck it at a certiain anglse,
slight interference refraction appeared in the reflected
light. When looking through glass to which the lacquer
had been applied, a line of demarcestion was apparsnt at
the edge of the lacquer when the glass was carefully scru-
tinized. The lacquer, when properly applied, did not ap-
pear to cause halation, increased reflection, or interfere
with vision in any respect. |

Thoe action of the lacquer appeared to be that of a
water-repellent or anti-wetting agent. Thls action was
very apparent when a small drop of water- wase placed on &a
flat surface of & partially. lacquered glass pane, The
water on the uniacquéered portion displayed a considerable
wotting or spreading-action,-whereas ‘the water on ‘the
lacquered part exhibited“consideradbly greater coheeive ac—
tion., When the flat plate was tilted, -the water ‘ran off’
the lacquered part at an angle emaller than that at which
it ran off the unlacquered part, When attempts were made
to run water from the unlacquered to the -lacquered part of
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the glass, 1t tended to gather at the edge of the lac-
quered portion and only after considsrable tilt. was glvdn
to the glass pane would the water run oato the lacquered
rart., It then ren over 1t in the form:.of small rivulets
rather than as a sheet as 1t-dlid on the unlacquered part.
As a genoralization, it nay be sald that the nction of the
waoter on the lacquered surface was sinilar to that of ner-
cury on glass,

.The appllication of the lacquer to gless involved sev-
~eral steps. Two separate solutlons were rlxed together
-"and the resultant solution was applied within a dey. (It
became cloudy and wae no longer useful for the lntended
purpose if allowed to stand longer. However, recent ex-
perlinents naking use of one solution alone were reported
as successful.) The glass to which the 1acqueg vas ap-
plied was warned to a temporature of about 110  F, . (Tae
heatinz nay be acconplished by the use of a 20t plate,
hoatingz pad, or hot~ailr blower.) If the glass was not
warned, the drylng of tho lacquer took conslidoradly
longer and halation also occurred, which was not present
in the lacquor applied on warn glass. The lacquer driod
in abbut one hour whon appllod to warn glass. It was ap-
rliod in ono stroke of a saturatod pad which had boon
bont around tko straizht ocdgo of a ploco of glass. It ap-
poarcd tkhat tho uso of a heating pad would pormit the
lacquor to bo applicd on glass windshiolds that arc not'
rorovablo fron tho airplano. Although nost of tko obsor-
vations woro nado with tho lacquor applicd on glass, ov-
sorvations woro aleso napdo with tho.lacquor applicd on
ploxizlas. Its action on ploxiglas was idontical with’
.that on glass and 1n no way did tho lacquor appoar to ad-
versoly affect the surface of the plexiglas.

The lacquer suffered from the accunulation of dust’
and dirt as Duch as any glees surface.. It 1s thought that
the renmoval of dirt fron the lacquered -surfnce nay be sono-
vhat of a problon as the lacquered surface was easlly -
narred, The durability of thoe lacquer with respect to the
actlon of sunlight, heat, salt-water spray, and gonoral
sorvice uso was not studied. - ‘ .

. TESTS,. RESULTS, AND DISCUSSION

All ‘tosts and observatlions were nade on a Lockkoed
12A airplanc NC-17397 furnished by the Lorr Laboratorios.
Tosts and obsorvatlions wore nade oo tho ground and in
actual flizht,



Ground Tests

The apparatus used in the test demchstration on the
ground i1s shown in figure 1. Water from an ordinary ger-
den hose and nozzle was sprayed an the windshield in the
directlon of the line of flight. As a movement of alr
across the lacquered surface 18 necessary to obtaln an
action such as the water droplets would exhibit in actual
flight in rain, e wind was gimulated by .a vacuum-cleaner
blower fitted .with b -Hozzle which waes directed on the
windahield &s ‘shown-1n: figure 1, "The .nresultant action of
watexr .on.the.windshfeld was tﬂen very similar to tHds ob-
‘talned :in acbual flight in heavy rain. =Bigure 2 ig &
photogzaph of = view through the windshield toward some
hangar doors when the '‘set-up shown .in flgure 1 was used
to spray the windshield. The improvement of vision cre-
ated by the application of lacquer 1s very evident. The
lacquered portion of the windahield conglsted of a hori-
zontal strip through the center of the windshield, the
upper and lower portions of the windshleld being unlac-
quercds It i1s.readily sgen that the water spray on the
unlacquered portlion crestes: 'An effect a sheot of water -
through which vlasion 1s impoeslble, whereas vislon through
the lacquered portlion 1s slmost as good as that through a
dry windshileld, Wator droplets mey be .scen to bo moving
off .the lacquered portion in a horlzontal direction under
the influence of the spray and alr movement., This 1s sim-
llar to the movement of the water droplets across the
windshield during actual flight, except that 1in actual
fllight the droplets are broken up 1nto a finer spray.

The water particles moved much more rapldly across the
lacquered portion of the glaas than across the unlacquered
portion, and agaln may be 5aid to ressmble the movement of
mercury on glass.

?1igﬁt Tests

For the purposoe of obtalning comparativée data 1ln ac-
tual flight c¢onditions, several flights were made in rain
of varying degrees of intensity. During theso flights the
Committeo'!s pllots acted alternately as pilot and co-pllot,
and wore able to clearly observe the.comparative actlion of
the rain on both the treated and the untreated. surfaces -
of the windshiold and the resulting vislon as afforded
through the respective gurfaces. Owing to the difficulty
of obtalnling proper lighting conditions and a background
which would permlt vision through the windshleld to be den-
onstrated, . pletures taken 1in flight failed to reveal the
action of the lacquer,




- As practically all flights were mude in rain at an
altitude of less thanm 1000 feet, due to the low ceiling
that prevalled in the storm area, the pllots concentrated
chiefly on noting the comparative degrée of vision and
vislblillty range 1n the directions forward and down, as
ocvtalned between the normal windshileld surface and the
surfoce that had been treated for raln repellence.

As the tests progressed, it sodon became evident that
the trected surfacespermitted vision to bs obtained under
the ‘most whfavorableé conditions that could be imposed.
Waile nv réeerd’ of'the amount of rainfall wag made during
the intervals of" ‘axposdd’ flight, 1 waa .68timated tunat the
henviest rain’ con&ition exporioenced li itqd the outside...
visibLlify-forwird and’ down ‘to less 'than qne—balf mile. ..
It .was learnéd:lafer thnt autqists, riving undgr. the gen—
oral area~in~whlch tho nirplane was oeing ;£lown, Rad fro-
quontly beén: forco& td "8t op during ‘the heavieqt downfall
owlng tcd thels inability tg seo through Qar -windskiolds
ovon with wipors wdrkiﬂg. " . . - L. .

- Thor flight tcste showod‘thau'visiop throngh tho no-

troatod windshiold ‘was poar ‘in tho mlldost raln shqwoTrs’

and- uocroascd *apialy as raln intonsity Incrgascd- until it

boocamc oomnlotoi 0bscureﬂ. At the samd time .vision
through the treqted‘ﬁiﬁdshield still permitted forward
visibllity - ov%r’a Eange of adbout one ap& one-half to two
mileg, - _ ] el

e
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A descri tion of the tomparative effect of rain on
the trented 'and the” untreated surfaces. in Tlight nay Dbe
of interest. The two outstanding dhnructeristics that
varled noticeably on the two different surfaces were the:
phyaical anpearance bf the rain weoter bn the surfaces and
the difference in the 'relative motion of thé. surface water
on the untreated and thé treatsd surfaces as. imparted by
the relative wiad- past’ the w1hashiela, ~ ;T

On the untrOated winashiei& the- rEiD ptruck tho. sur-
- faecd ond appoared”t9-Bé rotailficd“thoroon in fymerous
eplotohy formationd; whorond bn tho troatod windshiocla,
tho roain, upon contacting the surface, appdarod to broak
up into numorous small globulos which owing to apparont
lack of adhosion to the suXface 'aud to thoir roundod
shapo, khad vory small contact aroa.

-
[Ty

Tho "'rolativo wind om tho untroatod surfaco wator in-
partod o comparativoly slow-mmotlon to tho adhoring wator .
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splotchos, carrying thom goross the windshlold surface in
irrogular but numorous closo formations; tho wator
splotchos in the moantimo, ‘having considorablo adhosion,
woro- olongetod by tholr motlion, thus tonding to incroaso
tho wotted aroa s$111 furthor.,

Undor tho apmo conditiona -of exposure, the relatiwve
wlind impartpﬂ-a_much faater motion to0 the rala globules
on the: treated surface.- In fact, the speed at which .the
small globules of,.water. were.carriled across tlhe windshield
surface was so. kBlgh, 1% 1s suspected that a ggodly per-.
contage of wator -particloes were lifted from tho wlndshiold
surfaco'&nd_parriod_paralloi'to 1t.

" P . L]

DISCUSSION

The, practicadblility of.utillizlng this lacquor willl do-
pcnd, no doubt, upon sovoral fesctors otuor then its abll-
1ty to Inprovo vislon. Theso aro listod as follows:

1, YNood for improved vislon in hoavy railn.

2+ Durabllity of tho lacquor 1in gonoral sorvico uso.
which, 1z turn, would dopend upon 1ts roslstanco to such
ltorms as sunlight, hoat, abrasion, ago, wator, and salt
wator,

3. ZEaso and cost of application.

Tho proliminary invostigations as roportod horoin aro
too lacomploto to malto possiblo tho wolghing cf tho ad-
vantagos and disadvantagos of tho uso of tho lacquor. It
would appoar, howovor, to bo docldodly valuablo for thoe 1lm-
provonont of vislion through airplano windshlolds, ploxiglas
bonbing windows, machino-gun station, hoods, and so forth,
on mllitary alreraft.

It 18 possiblo that furthor dovolopmont work can 1m-
provo tho duradility of tho lacquor to such an oxtont
that 1t willl havo posegiblllitios for uso on such things as
soaplano~float bottoms, mutomobllo windshiolds, and any
surfaco upon which a wator-ropollont actlon 1s dosirod or
through- wvhich improvoamont of vislon i1s dosirod 1in raln or
wvator spray.



CONCLUSIONS "l .
~ Tho 'lacquor dofinitoly made vislion possidlo in rain
or waror-spray conditions in which it would otkhorwiso bo
inpossiblo, and 1t appoars to bo of wvaluo from a millitary
standpoint 1in improving vision of pllots, gunnors, and
bonbors from an airplano during flight in rain. It ap~
poars to havo possibllitios for numorous othor applica-
tions - 1lts valuo for thoso appllications apparontly dbolng
dopendont upon its durabllity undor varlcus sorvieco cone-
ditionses " Tho durability of tho lacquor has yot to bo
thoroughly tostod, although it appoars good onough at
prosont for cortain usocs whon reapplication of the lac-
quer can be made from time to time,

Anes Aeronautical Laboratory,
National Advisory Comnittee for Aeronautics,

Moffett Field, Calif.-
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Figure l.- lockheed 13A. NC-17397. (lorr laboratories). Ground test
set-up used to demonstrate rain-repellent application on windshield.
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Figure 2.- lockheed 13A. NC-17397. (lorr Laboratories). Ground test
of rain-repellent application on windshield.







